Ecological measures of socioeconomic status and hospital readmissions for asthma among Canadian adults  by Chen, Yue et al.
Ecological measures of socioeconomic status
and hospital readmissions for asthma among
Canadian adults
Yue Chena,*, Paula Stewartb, Robert Dalesc, Helen Johansend,
Geoffroy Scottb, Gregory Taylorb
aDepartment of Epidemiology and Community Medicine, Faculty of Medicine, University of Ottawa,
Ottawa, Ont., K1H 8M5 Canada
bCentre of Chronic Disease Control and Prevention, Health Canada, Ottawa, Ont., Canada
cDepartment of Medicine, Faculty of Medicine, University of Ottawa, Ottawa, Ont., Canada
dHealth Statistics Division, Statistics Canada, Ottawa, Ont., Canada
Received 30 June 2003; accepted 18 November 2003
Summary Background. Lack of an association between area-based socioeconomic
status (SES) and readmission for asthma was investigated in a country with a
universal health care system.
Methods. Data linkage analysis was conducted based on hospitalization data from
Statistics Canada’s Person-oriented Information Database and area-based SES data
from the 1996 Census. Hospital records for 8333 asthma patients aged 20–64 years in
all Canadian provinces except Qu !ebec who were admitted in 1995/1996 were linked
to determine the number of patients who were rehospitalized within the same fiscal
year. The area-based SES of the patients was defined according to the average
personal income and proportion of residents with a university degree in an
enumeration area (EA). Incidence rates of readmission for asthma were calculated
based on the total years at risk. Cox’s proportional hazard model was used to adjust
for age, sex, province, and length of stay for first admission.
Results. The incidence rate of asthma rehospitalization was 31.6 per 100 person-
years for men and 37.2 per 100 person-years for women. Neither average EA income
or education level was significantly associated with rehospitalization for asthma.
Women living in poor areas tended to have an increased incidence of asthma
rehospitalization, but the difference was not significant after adjustment for
covariates using the Cox regression model.
Conclusion. Socioeconomic status measured at the neighborhood level has no
significant impact on rehospitalization for asthma among Canadian adults.
& 2003 Elsevier Ltd. All rights reserved.
Introduction
Socioeconomic status (SES) is an important deter-
minant of health. Individuals with low SES tend to
be less healthy than more advantaged people. The
ill health and a higher mortality associated with
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poverty have been attributed, in part, to inferior
living and working conditions, lack of resources,
stress, unhealthy lifestyles, and low educational
attainment.1,2
Low SES may be a factor in the development of
asthma, affect its severity, and be related to access
to health care. In both Canada and the United
States, SES has been associated with the preva-
lence of asthma and asthma hospitalization.3–10
Hospitalization and rehospitalization are signs of
severe asthma, uncontrolled asthma, or both. In
addition, asthma imposes a heavy burden on the
health care system.11–14 Therefore, studying the
influence of SES on hospitalization and rehospita-
lization for asthma can yield important information
for programs, services and policies designed to
control the condition. If SES is a risk factor for
rehospitalization, resources can be directed toward
socially disadvantaged groups to improve asthma
control and reduce health care costs.
Canada has a universal health care system
designed to provide access to health services,
based on need rather than on the ability to pay.15
Therefore, regardless of their financial circum-
stances, all people with asthma should have
equal access to the medical services that would
help them manage the disease and avoid hospita-
lization.
This analysis focused on the association between
area-based SES and rehospitalization for asthma. A
study of rehospitalization rather than hospitaliza-
tion has the benefit of minimizing the effect of
higher asthma prevalence among those with lower
SES. The group at risk of hospitalization for asthma
is the general population. Thus, a higher preva-
lence of asthma among those with low SES could
cause an increase in hospitalization among this
subgroup, even if SES itself does not influence
hospitalization. By contrast, the people at risk for
rehospitalization are those with asthma who have
had a previous admission. Consequently, the effect
of asthma prevalence is minimized when rehospi-
talization is examined.
Methods
Hospital morbidity data were from the Canadian
Institute for Health Information, which provides
morbidity files to Statistics Canada annually. Each
record contains information from an inpatient’s
hospital chart and pertains to one hospital stay. The
data in this article were from the Person-oriented
Information Database, which Statistics Canada
builds from these hospital morbidity files.
The Postal Code Conversion file was used to
determine Census enumeration areas (EAs) from
each patient’s residential postal code. Neighbor-
hood (that is, EA) income and education data are
from the 1996 Census Profiles. EA is the geographic
area canvassed by one census representative. It is
the smallest standard geographic area for which
census data are reported. All the territory of
Canada is covered by EAs. The number of dwellings
in an EA generally varies between a maximum of
440 in large urban areas to a minimum of 125 in
rural areas. In some instances, physically very small
EAs are formed for large apartment buildings,
large townhouse communities and large collective
dwellings.
Census data on 1995 personal income and
percentage of the population aged 15 years or
older with a university degree in a given EA were
merged with patient records, based on each
patient’s postal code. Postal code data were not
available for Qu !ebec, and were missing for a large
proportion of the Northwest Territories. Therefore,
residents of Qu !ebec and the Northwest Territories
were not included in this analysis. The health
insurance number was not available to Statistics
Canada for patients living in Yukon, and therefore,
a hospital readmission could not be identified for
these patients.
Average personal income is the average money
income received by individuals aged 15 years or
older during the 1995 calendar year. Average
income for each EA was categorized into five
groups: less than $15,000; $15,000–$19,999;
$20,000–$24,999; $25,000–$29,999, and $30,000
or more. A total of 237 asthma patients (2.8%)
could not be linked to the Census Profiles due to
missing postcodes and/or census data. EAs were
grouped into four categories according to the
percentage of the population aged 15 years or
older with a university degree in 1996: less than
5.0%, 5.0–9.9%, 10.0%–14.9%, and 15% or more. A
total of 455 asthma patients (5.5%) could not be
linked to the census education data because of
missing information on postcodes and/or census
data.
A hospitalization due to asthma was defined as an
admission for which the first diagnostic code was
493, according to the International Classification of
DiseasesFVersion 9 (ICD-9).16 The first or primary
diagnosis is the principal condition responsible for a
patient’s hospitalization. To determine if asthma
patients had been readmitted in the same fiscal
year, hospital records were linked using patient
identification numbers. Asthma patients admitted
to hospital from April 1, 1995 to March 31, 1996
were followed throughout that fiscal year to
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identify those who had been rehospitalized for
asthma.
A total of 8333 patients aged 20–64 years from
nine provinces admitted to hospital for asthma at
least once during 1995/1996, were followed to the
end of that fiscal year. Incidence rates per 100
person-years at risk were calculated to measure
the frequency of readmission for asthma. The
numerator was the number of readmissions during
the period. Multiple readmissions were not
counted. The denominator was the total time at
risk (person-years), summed for all patients,
which was the difference between the date of
the discharge and the date of the second admission
for those who were readmitted, or the
difference between the discharge date and the
end of the fiscal year for those who were not
readmitted.
To evaluate the independent effects of EA
income and education levels on asthma rehospita-
lization, the Cox proportional hazards model was
used to calculate rate ratios and adjust for age,
sex, province and length of stay for first read-
mission in asthma patients.17–19 Length of stay for
first admission is the period from the date of the
first admission in the 1995/1996 fiscal year to the
date of discharge. The 95% confidence interval (CI)
for a rate ratio was obtained as eb71.96SE, where b is
a regression coefficient and SE is a standard error
for the b:
Results
During the 1995/1996 fiscal year, in all provinces
except Qu !ebec, a total of 2530 men and 5803
women aged 20–64 years were admitted to hospital
for asthma as a primary diagnosis. The distribution
of age and area-based SES measures are presented
in Table 1. During the same fiscal year as their
discharge, 360 of these men and 975 of the women
were rehospitalized for asthma at least once:
readmission rates per 100 person-years of 31.6 for
men and 37.2 for women.
The average personal income in an EA was not
significantly associated with the risk that male or
female asthma patients who lived in that area
would be rehospitalized, when their age, province,
length of stay of their first admission, and the level
of education in the EA were taken into account
(Table 2). Although the incidence rate of rehospi-
talization tended to be high for women living in
areas where personal income was relatively low
($15,000–$19,999), the association was no longer
significant when the other variables were consid-
ered. Similarly, education measured in terms of the
proportion of their EAs population who were
university graduates was not significantly asso-
ciated with the rehospitalization of asthma pa-
tients when their age, province, length of stay for
their first admission, and the average personal
income in the EA were accounted for (Table 3).
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Table 1 Distribution of age, average personal income in enumeration area (EA) and percentage of EA population
with university degree by sex among asthma patients aged 20–64 years, Canada excluding Qu !ebec and territories.
Number of subjects (%)
Men (n ¼ 2530) Women (n ¼ 5803) Total (n ¼ 8333)
Age (years)
20–44 1418(56.0) 3330(57.4) 4748(57.0)
45–64 1112(44.0) 2473(42.6) 3585(43.0)
Average personal income
o$15,000 257(10.2) 612(10.5) 869(10.4)
$15,000–$19,999 534(21.1) 1207(20.8) 1741(20.9)
$20,000–$24,999 797(31.5) 1833(31.5) 2630(31.6)
$25,000–$29,999 529(20.9) 1165(20.1) 1694(20.3)
$30,000þ 327(12.9) 835(14.4) 1162(13.9)
Unknown 86(3.4) 151(2.6) 237(2.8)
Percentage of EA population
With university education
o5.0% 649(25.7) 1546(26.6) 2195(26.3)
5.0%–9.9% 710(28.1) 1674(28.8) 2384(28.6)
10.0%–14.9% 438(17.3) 969(16.7) 1407(16.9)
15.0%þ 585(23.1) 1307(22.5) 1892(22.7)
Unknown 148(5.8) 307(5.3) 455(5.5)
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Table 2 Incidence rate (/100 person years) and rate ratio for asthma rehospitalization by sex and average
personal income in enumeration area (EA) in asthma patients aged 20–64 years hospitalized between April 1 and
March 31, 1996, Canada excluding Qu !ebec and territories.
Person years Cases Incidence rate Rate ratio (95% confidence interval)
Unadjusted Adjustedn
Men
o$15,000 128.4 30 23.4 0.73(0.46,1.15) 0.73(0.44,1.21)
$15,000–$19,999 228.8 84 36.7 1.11(0.78,1.58) 1.12(0.74,1.69)
$20,000–$24,999 371.4 110 29.6 0.91(0.65,1.28) 0.93(0.64,1.34)
$25,000–$29,999 237.2 78 32.9 1.00(0.70,1.44) 1.01(0.69,1.47)
$30,000þ w 145.9 48 32.9 1.00 1.00
Women
o$15,000 279.9 104 37.2 1.19(0.91,1.55) 1.06(0.80,1.42)
$15,000–$19,999 559.9 229 40.9 1.31(1.05,1.64) 1.19(0.93,1.53)
$20,000–$24,999 838.1 316 37.7 1.20(0.97,1.49) 1.17(0.93,1.46)
$25,000–$29,999 527.6 191 36.2 1.16(0.92,1.45) 1.15(0.91,1.46)
$30,000þ w 371.4 117 31.5 1.00 1.00
Total
o$15,000 408.4 134 32.8 1.04(0.83,1.31) 0.97(0.75,1.24)
$15,000–$19,999 788.8 313 39.7 1.25(1.04,1.51) 1.17(0.95,1.45)
$20,000–$24,999 1209.5 426 35.2 1.11(0.93,1.33) 1.10(0.90,1.34)
$25,000–$29,999 764.8 269 35.2 1.11(0.91,1.34) 1.12(0.91,1.36)
$30,000þ w 517.2 165 31.9 1.00 1.00
nAdjusted for age, province, length of stay for first admission, and percentage of EA population with university degree.
wReference category.
Table 3 Incidence rate (/100 person years) and rate ratio for asthma hospitalization by sex and percentage of
enumeration area (EA) population with university degree in asthma patients aged 20 to 64 years hospitalized
between April 1 and March 31, 1996, Canada excluding Qu !ebec and territories.
Person-years Cases Incidence rate Rate ratio (95% confidence interval)
Unadjusted Adjustedn
Men
o5.0% 303.6 86 28.3 0.89(0.66,1.20) 0.89(0.64,1.25)
5.0–9.9% 322.5 106 32.9 1.02(0.77,1.36) 1.02(0.75,1.39)
10.0–14.9% 191.9 55 28.7 0.89(0.63,1.24) 0.87(0.61,1.25)
15.0%þ w 271.7 87 32.0 1.00y 1.00y
Women
o5.0% 710.3 267 37.6 1.07(0.89,1.28) 0.97(0.80,1.19)
5.0–9.9% 787.7 282 35.8 1.02(0.85,1.22) 0.97(0.80,1.16)
10.0–14.9% 431.9 167 38.7 1.09(0.89,1.34) 1.02(0.83,1.26)
15.0%þ w 573.7 204 35.6 1.00y 1.00y
Total
o5.0% 1013.9 353 34.8 1.02(0.87,1.19) 0.95(0.80,1.12)
5.0–9.9% 1110.3 388 34.9 1.02(0.88,1.19) 0.97(0.83,1.14)
10.0–14.9% 623.8 222 35.6 1.03(0.87,1.23) 0.99(0.82,1.18)
15.0%þ w 845.4 291 34.4 1.00y 1.00y
nAdjusted for age, province, length of stay for first admission, and average personal income in EA.
wReference category.
SES and asthma rehospitalization in adults 449
When the age groups 20–44 years and 45–64 years
were further examined separately, the association
between average personal income in the EA and
rehospitalization was not significant for either sex
(Fig. 1). And whether they were aged 20–44 years
or 45–64 years, male and female asthma patients
living in neighborhoods with a low proportion of
degree-holders did not have a significantly higher
risk of rehospitalization, compared with those in
areas where a larger share of the population held a
degree (Fig. 2).
Discussion
Our analysis of a national database has indicated
that area-level measures of SES are not significantly
associated with hospital readmissions for asthma in
adults in Canada. Lack of association between SES
and asthma rehospitalization suggests that low
area-measured SES does not adversely affect
asthma management or increase the risk of severe
asthma episodes requiring hospitalization among
asthma patients.
Apart from the present report, we are unaware
of studies that have addressed the relationship
between SES and readmission to hospital among
patients who have been previously hospitalized for
asthma in Canada. There are a few studies of racial
differences in Medicaid populations from the
United States. A one-year follow-up of 193 Afri-
can-American and Caucasian Medicaid patients
aged 18–50 showed no significant racial differences
in rehospitalization rates, suggesting that the
provision of health insurance may improve asthma
management.20 However, the study provided no
information about SES, and it is not clear if there
were biological reasons for the observation. A
larger study of 6844 children aged 1–12 years who
were Medicaid patients showed an increased risk
for multiple asthma hospitalizations within a year
among African-Americans and Latinos, compared
with whites.21 Two other studies concluded that
poverty or inadequate health insurance may par-
tially explain the use of health care services among
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Figure 1 Adjusted rate ratio for asthma rehospitaliza-
tion, by sex, age group and average personal income in
EA in asthma patients aged 20–64 years, Canada
excluding Qu !ebec and territories.
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Figure 2 Adjusted rate ratio for asthma rehospitaliza-
tion, by sex, age group and percentage of EA population
with university degree in asthma patients aged 20–64
years, Canada excluding Qu !ebec and territories.
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asthmatics in the United States.22,23 These studies,
however, provided no data directly linking income
and asthma rehospitalization among Medicaid
patients, and were based on selected populations.
In epidemiological research, SES is most com-
monly assigned using one or a combination of three
indicators: income, education and occupation.24
SES is an indicator of the resources and prestige
that individuals possess in their social surround-
ings.25 It is also related to many other environ-
mental factors, which may be important
determinants for asthma, for instance, smoking,
obesity and air pollution.3,26
SES can be measured at the individual, house-
hold, and neighborhood or community level.
Individual-level measures may be most relevant
where personal behaviors and workplace conditions
are at issue. Household-level measures are more
informative with regard to familial resources and
standard of living, and neighborhood-level mea-
sures with regard to community-based hazards and
resources.25 The hospital records on which this
analysis was based contain no information about
individual asthma patients’ SES. In the absence of
such data, their postal codes were used to identify
the Census EA in which they resided, and the
average personal income and level of education of
residents of that area were used as proxy measures
of SES for the asthma patients.
The gap between men and women in readmission
rates is consistent with the results of previous
studies, which have shown a higher prevalence3,4
and incidence27 of asthma for women in this
country. The reasons for the difference are not
fully understood, although smoking and obesity
may put women at greater risk of the disease than
is the case for men.3,27 Relatively small airways28
and female sex hormones 29,30 may also play a role.
There are some limitations for this study. Firstly,
SES measured at the level of a Census EA may not
be an accurate indicator of an individual’s SES.
Assigning EA characteristics, in this case, income
and education, to individuals is only a proxy of their
SES. People with low incomes and relatively little
education who live in affluent EAs, or vice versa,
may dilute the relationship between SES and
asthma rehospitalization. However, studies from
the United States20–23 that used zip codes to
designate income levels consistently showed an
inverse relationship between income and asthma
hospitalization, which suggests that the use of
area-level measures may not be the reason for the
lack of association between SES and asthma
rehospitalization in Canada. Secondly, because
the hospitalization data from the Person-oriented
Information Database could not be linked to the
Census data for Qu !ebec and the territories, the
results do not represent the national situation.
Thirdly, EAs were identified based on residential
postal codes provided by patients when they were
admitted to hospital and may be subject to error.
Patients may be unable to provide their postal
code, or they may have no fixed address. Such cases
are not treated in the same way by all hospitals;
some use the facility’s postal code, while others
use a special value. No individual-based informa-
tion on SES is available in this study. Fourthly, the
period during which asthma patients were tracked
is too short to identify all who were eventually
rehospitalized, and therefore, to assess long-term
management of the disease. Fifthly, data on asthma
risk factors, disease severity, medications and
specific treatment, all of which may affect the
likelihood of rehospitalization, are not available.
Finally, we only examined the association between
area-based SES and asthma rehospitalization in
asthma patients in this study. The impact of area-
based SES on asthma hospitalization and rehospi-
talization in the general Canadian population could
not be further examined due to lack of SES data for
people who were not hospitalized during the study
period. Our previous studies have demonstrated
that SES is associated with the prevalence of
asthma or asthma hospitalization.3,4,31
The reason for the lack of association between
area-based SES measures and asthma rehospitaliza-
tion is not fully understood. Canada’s universal
health insurance may play a positive role in asthma
control. The availability of general practitioners’
services could be a factor in curtailing the
frequency of severe asthma episodes. In a national
survey of physicians, almost all of them reported
providing information to asthmatics about the
management of their condition, such as asthma
triggers and how to avoid them, the use of
medications and inhalers, warning signs of worsen-
ing symptoms, and when to seek emergency care.32
Other possible reasons are also worth considera-
tion. Firstly, rehospitalization may not be sensitive
enough in detecting subtle but clinically relevant
effects of area-based SES on health outcomes of
asthma patients. Other important measurements
such as emergency revisits, which can be more
sensitive, should be considered in future studies.
Secondly, the study cohort was assembled and
followed up only for within fiscal year and some
individual could have had a very short follow-up
period. There is a possibility that the influence of
area-based SES would have become more apparent
if the cohort had a longer period of follow-up.
Thirdly, by selecting only those who were hospita-
lized once in the study period, the study finding can
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only be generalized to those asthma patients at the
extreme end of the severity spectrum.
In summary, for Canadian adults, there was no
significant association between rehospitalization
for asthma and personal income or education
measured at the EA level. Once admitted to
hospital, those living in high or low SES areas faced
no lesser or greater risk of asthma rehospitaliza-
tion. Equality of access to primary care through the
publicly insured system may diminish differences in
rehospitalization rates between residents of EAs
with disparate SES characteristics. The clinical
implication is that patients cannot be stratified
into those more or less likely to be rehospitalized
based on ecological levels of SES. Given the
relatively high rate of rehospitalization, equal
attention should be paid to the follow-up of all
discharged asthma patients whether they live in a
low- or a high-SES area.
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